Nearly one in three Americans suffers from cardiovascular disease (CVD), which is responsible for over 850,000 U.S. deaths each year. Cardiac rehabilitation (CR) is an effective treatment for CVD; CR involves multifaceted interventions of supervised exercise, dietary modifications, and counseling. Based on previous research, which is confirmed by this paper's systematic review, CR is effective at improving patients' functional capacity. Although women represent over half of CVD patients, there is surprisingly little known about the comparative effectiveness of CR in men and women. This master's paper seeks to determine whether CR is equally effective at improving functional capacity, as determined by maximal metabolic CR does seem to be somewhat more effective in men than in women. Specifically, adjusting for potential confounders, men achieved an average improvement of 2.15 METs after CR and women achieved an average improvement of 1.61 METs. It is unclear why men benefit more from CR than do women; these results, however, imply that tailoring cardiac rehabilitation programs to women may yield further improvement in functional capacity for female participants.
Introduction
Nearly one in three Americans suffers from cardiovascular disease (CVD), which is responsible for over 850,000 American deaths each year.
1 (p 955) In fact, fully 35% of American deaths each year are due to CVD. 2 (para 1) Although cardiovascular disease is often considered a disease of men, over half of CVD patients in the U.S. are women, and over half of CVD-related deaths in the U.S. occur in women.
(p e176)
Cardiac rehabilitation (CR) is an effective CVD treatment. 4 CR involves multifaceted interventions of supervised exercise, diet modification, and counseling, as well as education on the cardiovascular disease process, medications, and returning to a normal life. Cardiac rehabilitation has been endorsed by a wide array of medical organizations, including the American College of Cardiology Foundation, the American Association of Cardiovascular and Pulmonary Rehabilitation, and the American Heart Association. 5 Still, according to the Agency for Healthcare Research and Quality (AHRQ), fewer than 30% of eligible patients participate in CR after a CVD event, 6 and AHRQ reports that the rate of CR referral for female patients is particularly low. authors show that cardiac rehabilitation does provide benefit to women. [7] [8] [9] [10] [11] The degree of benefit, We only included CR participants with both baseline and completion data for the outcome of maximal metabolic equivalents (METs) achieved. This yielded exactly 900 participant records. We excluded 133 records of patients referred to CR for nonischemic diagnoses, and we eliminated another 77 records for which independent variable data were missing. This yielded a total of 680 participants' data for analysis.
Methods

Cardiac Rehabilitation Program
The UNC Health Care Cardiac Rehabilitation Program is an outpatient-based cardiac rehabilitation program. In line with CR standards, 12 the program includes supervised exercise, dietary education, and counseling. 13 Cardiac rehabilitation participants are encouraged to attend three CR sessions per week for a period of three months, which amounts to thirty-six total sessions. This is consistent with the number of total sessions (typically between 24 and 36) in most other cardiac rehabilitation programs.
11,13
Statistical Analysis
This retrospective observational analysis uses de-identified participant data. The outcome measure is absolute change in maximal metabolic equivalents (METs) achieved. This measure is assessed at baseline (with the initial measurement taken 1 to 2 weeks before initiation of exercise in the cardiac rehabilitation program) and upon Program completion (with the final measurement actually taken between 2 and 10 days prior to the end of CR training). METs are expressed in the units of mL O 2 /kg/min. 14 METs achieved "is considered the best measure of cardiovascular fitness and exercise capacity," according to the American Heart Association.
(p1695)
The main independent variable is the sex of each participant. Other independent variables include age, race, body mass index (BMI), zip code prosperity, total cholesterol at baseline, and primary referral diagnosis. "Zip code prosperity" is a proxy measure of respondents' relative affluence; we identified each participant's residential zip code and then calculated each zip code's average income by dividing the zip code's total adjusted gross income by its total number of returns, based on 2008 IRS data. 16 We assessed the relationship of each of these independent variables (measured at program initiation) to both the primary independent variable (sex) as well as the outcome of interest (absolute change in METs). We ran an analysis of covariance model to show the relationship between sex and absolute change in METs, adjusting for all appropriate covariates listed above. All statistical analyses were performed using STATA 12.0 Reported pvalues are two-sided; a p-value of <0.05 is considered to indicate statistical significance.
Results
Sample Characteristics and Sex-Based Subgroup Analysis
A total of 680 participants were included. Women were 27.8% of all participants (189 women) and men made up the remaining 72.2% (491 men) of the sample (Table 1) . Given the research question, we closely assessed demographic/baseline differences between male and female participants ( Table 1 ). The covariates of race, CR referral indication, and baseline cholesterol were significantly different in male and female participants. Fully 15.9% of female participants were black while only 5.5% of male participants were black (p< 0.001). Cardiac rehabilitation referral indications also showed a significant difference between men and women.
Medicare and most private insurances will cover CR for just six diagnoses. The covered ischemic heart disease (IHD) diagnoses include stable angina, myocardial infarction (MI), percutaneous coronary intervention (PCI), and coronary artery bypass grafting (CABG). The two covered non-ischemic diagnoses are valve replacement and heart transplant. A higher percentage of women (36.5%) compared with men (21.8%) were enrolled in CR because of a previous cardiac intervention (either PCI or CABG). In contrast, a higher percentage of men (31.4%) than women (19.1%) were enrolled in CR due only to anginal symptoms. It is unclear why this difference should exist; the difference itself implies that women in CR may suffer from more severe cardiac disease than do men. Women also had higher average cholesterol levels at baseline (178 mg/ dL) than did men (160 mg/dL). In our model, we adjusted for all significant covariate differences. We found no statistically significant difference by sex for other variables such as age, body mass index (BMI), and zip code prosperity level. 
Discussion
Our findings support previous research [7] [8] [9] showing that cardiac rehabilitation enhances functional capacity for both men and women. Our research's important contribution is its not conclude that cardiac rehabilitation provided greater benefits to men than to women. We found that, after adjusting for confounders and using the preferred measure of METs achieved, men still experience a greater improvement in functional capacity following CR than do women (Table 3 ). In addition to being statistically significant, this difference of 0.57 METs or 36% is likely to be clinically significant as well.
Our analysis has several limitations. First, our research was specifically designed to assess functional capacity. We used the measure of absolute change in METs achieved (Of note, although this measure of absolute change in METs is very common, some other studies have instead reported percent change in METs achieved. It is unclear which measure is more accurate for measuring sex differences in functional capacity). [7] [8] [9] Besides functional capacity, other patient-oriented outcomes are quality of life, recurrent cardiac events, and cardiac mortality. All of these important outcome measures are beyond the scope of this analysis.
A second limitation is that we assessed the measure of METs achieved at only two time points, program initiation and program completion. Using these time points demonstrates the short-term effect of CR; however, extending measurement beyond program completion could help demonstrate whether improvement persists. In addition, we limited participants to those with MET measurements at both program initiation and completion. Those who failed to complete the Program, for example, were excluded from analysis, and it is unclear whether excluded patients differed in some ways from included patients.
A third limitation is that this analysis uses retrospective observational data from a single Our analysis has several strengths. First, our data set includes 680 program participants;
this is more than the number of participants in any other similar study. Second, our assessment of the relationship between sex and post-CR functional improvement considers a wide array of possible confounders. Prior studies have evaluated confounders such as age, race, BMI, and baseline METs. To our knowledge, however, our research is unique in evaluating CR referral diagnosis and zip code prosperity; these indicators of cardiovascular disease and socioeconomic advantage are important contributors to overall health status. A third strength of our research is that it uses the standard measure of "METs achieved " 15 (p1695) to evaluate functional capacity.
Our finding that men benefit more from CR than do women do raises the question of whether tailoring CR programs to women may result in their greater functional improvement. It is not immediately clear, however, how best to tailor CR and its various components (supervised exercise, dietary instruction, and counseling) to female participants. One component of CR is supervised exercise; researchers have noted that women experience unique barriers to exercise, including social stigma against over-exertion and a high prevalence of co-morbidities (such as arthritis, osteoporosis, and exercise-induced urinary incontinence) that can complicate engaging in exercise programs. 17 It is important to take these issues into account when tailoring CR exercise programs; as a first step, studies have shown that female-only CR cohorts may be more effective than are co-ed groups. 18 The second component of CR is dietary modification; research has shown that women are better at making heart healthy dietary changes following CR. 11 It is thus unlikely that tailoring the dietary component of CR to women would yield significant gains, although this might be an area in which CR programs could be improved for men. The third component of CR is counseling; studies have shown that women typically experience higher levels of depression and lower self-efficacy for positive change following a cardiac event. 18, 19 Beckie and Beckstead's research has shown that tailoring CR counseling to women may prove quite effective. 18 Thus, based on the results of previous studies by various researchers, modifying both the exercise and counseling components of CR appears to hold great promise. Our findings, moreover, show a real difference in functional improvement following CR between men and women. Our research thus demonstrates genuine potential for further studies on how to tailor CR to better meet female participants' needs.
The first question related to improving CR practice and policy is how to encourage more and better research on tailoring CR programs to women; the second question is how to translate that research into practice. Consistent with the National Institutes of Health (NIH) Revitalization
Act of 1993, the NIH has adopted some measures to encourage research on women's health.
However, enforcement of the Act has often been inconsistent. 20 According to Institute of Medicine recommendations, the NIH needs to be more strict in enforcing rules governing women's health research. 20 To spur research in the area, the NIH might even consider offering grants specifically dedicated to female-centered CR research. 
The Women's Movement and Women's Health Research
There is a clear need for further attention to certain women's health topics, and there are still significant challenges to achieving sex-based equality in clinical research. 20 At the same time, the mere fact that prominent organizations such as the AHA and the NIH's ORWH are both focusing on and systematically assessing disparities in women's health research represents real progress; this progress, though still incomplete, is built upon several decades of social, political, and policy-level change.
The Women's Movement of the 1960s, 70s, and 80s focused on both equality at work and home as well as reproductive/medical rights and served to set the stage for the equality movement in women's health research. 24 evaluate the inclusion of female subjects in NIH research. 25 As a result, the Government Accounting Office (GAO) was commissioned to evaluate the situation, and the GAO's 1990
Report frankly stated that the "National Institutes of Health has made little progress in implementing its policy to encourage the inclusion of women in research study populations." 28 (p2) Reacting to the GAO's assessment, the NIH created the Office of Research on Women's Health (ORWH) just two months later in September of 1990. 29, 30 The Office was expressly designed to "ensure that previously articulated NIH policies to support research on women's health issues" were followed and to "ensure that women are appropriately represented in biomedical and behavioral research studies supported by NIH." 31 (p2) While the creation of the ORWH within the NIH represented a positive development, the ORWH still lacked the explicit authority to enforce policies. As such, the ORWH would continue to have real difficulty effecting any meaningful change for the next several years. Interestingly, this part of the Act was not particularly contentious. 34 Several other provisions of the Act, however, were hotly debated; ultimately, the only significant change to the Act was the Nickles Amendment, which prevented HIV positive immigrants from entering the country. 34, 35 The Revitalization Act of 1993, with only minor modification, successfully passed through 
National Institutes of Health Revitalization Act
Effect of Agencies, Rulings, and Legislation on Women's Health Research
We have discussed the laws, policies, and organizations established to direct women's health research. We turn now to the question of how The Government Accounting Office, meanwhile, seems to have found a middle ground.
Despite its optimistic title, the GAO Report "NIH Has Increased Its Efforts to Include Women in
Research" reaches a relatively balanced conclusion. While the GAO report was released in 2000, it still resonates with both the HHS report of 2009 as well as the IOM report of 2010, and it manages to integrate the two in a single coherent assessment of women's health research. The GAO report states that the NIH has achieved a near-equal balance of male and female study participants by implementing a new system to evaluate and monitor the number of female study participant. 40 (p7) The GAO report, however, notes that while the "NIH has made substantial progress in ensuring that women are included in studies … [it has made] less progress in encouraging analysis by sex" 40 (p7) which is also the primary criticism made by the IOM report.
Without access to the primary data, it is difficult to assess whether the HHS, IOM, or the GAO report most accurately reflects the current state of women's health research. Drawing upon the collective insights from these reports, however, we see that while there may be more female subjects in NIH funded research, it appears that few studies analyze and report results by sex.
This is definitely the case for the discipline of cardiac rehabilitation, which serves as the focus of this paper. While cardiac rehabilitation has been available to patients for over thirty years, only five studies have evaluated the effectiveness of CR in men and women. There is a great need for more sex-based cardiac rehabilitation research. Studies evaluating the relative benefits of CR components for each sex and studies assessing the relative effectiveness of tailored CR interventions may prove particularly useful.
Appendix 2: Systematic Review of Cardiac Rehabilitation Background
Cardiac rehabilitation (CR) is a multifaceted program designed to assist patient recovery from various forms of heart disease. The history of cardiac rehabilitation involves a gradual paradigm shift that occurred over several decades. In the early 20 th century, prevailing medical wisdom dictated that physicians place their patients on complete bed rest for at least six weeks following a heart attack. 41 (p1793) By the 1950s, however, this dogma was increasingly brought into question by Levine, Lown, and others. 41 By the 1960s, Hellerstein had developed a comprehensive activity program for heart attack patients. Moreover, in 1968, he published his pivotal work, "Exercise Therapy in Coronary Disease," which still acts as the foundation for modern cardiac rehabilitation.
(p1795)
Modern cardiac rehabilitation involves several key components: a supervised/tailored exercise program, nutritional/dietary counseling, and emotional/motivational support 42, 42 . In the words of the American Heart Association, the goal of cardiac rehabilitation is to help patients "increase physical fitness, reduce cardiac symptoms, improve health and reduce the risk of future heart problems." 42 (para 4) CR is supported by a wide array of medical organizations including the American College of Cardiology Foundation, the American Association of Cardiovascular and Pulmonary Rehabilitation, and the American Heart Association. 43 This systematic review examines whether this broad support for cardiac rehabilitation is grounded in current research.
We specifically seek to answer the question: how effective is cardiac rehabilitation at improving functional capacity in heart attack (myocardial infarction/MI) patients? The results of this review will help inform and provide background for my master's paper as whole, which examines the effectiveness of CR in men and women with ischemic heart disease 1 .
Methods
Types of Studies
We restricted our review to randomized controlled trials (RCTs) comparing patients randomized to receive either standard treatment 2 , ie control, or cardiac rehabilitation in addition to standard treatment, ie intervention. We chose not to include observational studies because of the difficulty in determining whether potential differences in outcome in such studies are the result of CR itself or the result of baseline intervention/control differences. This issue of baseline differences is especially concerning because previous studies have documented significant baseline differences between those patients who decide to enroll in CR and those who opt not to.
44,45
Participants
Diagnoses qualifying patients for cardiac rehabilitation (CR) are extremely diverse.
Medicare and most private insurance companies will cover CR for a variety of indications including MI within the last 12 months, coronary artery bypass surgery, angina pectoris, heart 1 It is important to note that while this systematic review specifically examines CR for heart attack patients, the original research in this paper evaluates CR for a broad range of ischemic heart disease (IHD) conditions including heart attack, angina, CABG, and PCI. Also, while the systematic review examines men and women together, our research evaluates these groups separately. These differences are intentional, with the systematic review assessing whether there appears to be any benefit to CR while our research attempts to measure the degree of benefit in various groups (men compared to women, heart attack patients compared to angina patients, etc).
valve repair/replacement, angioplasty or coronary stenting, and heart or heart/lung transplant.
These CR diagnoses are each quite distinct and involve very different disease processes;
consequently, it is not clear that cardiac rehabilitation is equally effective in addressing each condition. We have thus specifically chosen to limit the review to studies of heart attack patients, as heart attack is one of the most common qualifying conditions for CR.
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Intervention
We required that included studies specifically and explicitly assess the effectiveness of cardiac rehabilitation. The core components of cardiac rehabilitation are patient assessment, exercise training, physical activity counseling, nutritional counseling, and psychosocial management. 47 We excluded any study that did not include all of these core CR components as part of the intervention.
Control
We limited studies to those in which control participants received only standard care.
Any studies offering control participants more than standard care ii were excluded. As part of standard care, all participants in the included studies were instructed to continue to follow-up with their previous (non-study) physicians.
Outcome
We restricted studies to those evaluating the outcome of exercise capacity. Exercise capacity was chosen both because it is an important patient-oriented outcome and because our research is, similarly, aimed at addressing the effect of CR on exercise capacity. Two different indices of exercise capacity were used by the included studies: peak VO2 and total work capacity. Peak VO2 is the volume of oxygen consumed per min per kg by an individual at maximal exertion. Total work capacity (TWC) is the amount of work that an individual can undertake without becoming symptomatic; TWC is measured in kg per meter.
In terms of the timeframe for measuring outcomes, we only required that studies measure outcomes at baseline (before CR) and upon completion of CR. Some included studies additionally measured outcomes at time points several months to years after participants' completion of CR.
Search Methods for Study Identification
On February 24, 2012, we searched the MEDLINE database using the MESH term "myocardial infarction" and the keyword "cardiac rehabilitation" 3 . We limited the search results to English language papers published within the last ten years (2003 to 2012). We retrieved a total of 368 articles. After we used the previously elaborated criteria to screen the abstracts of these articles, only nineteen articles remained. We then closely reviewed the eligibility of these nineteen articles and were left with only three articles. To be thorough, we also conducted a hand search of two of the most recent systematic reviews on the topic, which were published in the American Heart Journal and Cochrane. From this hand search, only three articles were obtained, and we had previously found each of these three articles using MEDLINE. Thus, despite assessing 368 articles for inclusion, our review includes only three studies because of stringent eligibility criteria.
Results
The three included studies are Lee In all three studies, cardiac rehabilitation patients showed improvement in exercise capacity (measured either by peak VO2 or by TWC) following the intervention. [48] [49] [50] In contrast, control patients showed essentially no change in exercise capacity at the end of the study.
48-50
Next, we will separately examine the outcomes of peak VO2 and TWC.
Peak VO2
Peak VO2 is a commonly used measure of exercise capacity. Lee 
TWC (Total Work Capacity)
Marchionni, Fattirolli, Fumagelli, et al.'s study is the only included study that does not examine peak VO2. This study instead assesses total work capacity. It is difficult to evaluate the effect of CR in this study for three reasons. First, the study only evaluates the effect of CR for age-stratified groups (breaking the sample down into those 45 to 65 years old, those 65 to 75 years old, and those over 75 years old) and does not assess the overall effect of CR on the entire sample. 49 (p2205) Second, the study does not report specific values for Total Work Capacity, either before or after CR. 49 (p2205) And third, the study reports intra-group p values but not inter-group p values. 49 (p2205) Still, TWC improved in each of the age-stratified CR groups, with intra-group p value less than 0.001 for each age-stratified group. TWC for controls also tended to improve; however, this improvement did not achieve statistical significance, based on intra-group p values. 49 (p2205) Although it would admittedly be helpful to have more information, CR does seem to benefit TWC, based on the results of this study.
Discussion
We've reviewed the results of the three RCTs assessing the effect of cardiac rehabilitation on various functional measures. The specific measures discussed include peak VO2 and Total Work Capacity (TWC). We will first discuss the measure of peak VO2 and then move on to discuss the measure of TWC.
Both of the studies which assess peak VO2 favor cardiac rehabilitation. Moreover, both In conclusion, each of these randomized controlled trials shows a strong association between cardiac rehabilitation and functional improvement, measured by either peak VO2 or TWC. Cardiac rehabilitation thus seems to be beneficial, by and large, for patients who have suffered a heart attack. The question remains of whether cardiac rehabilitation is equally beneficial for men and women. And although no RCTs have been designed to address this question, we are hopeful that our observational research, in the context of previous observational studies, will begin to provide an answer to this question.
